This article reports a rapid and effective method for the extraction and purification of genomic DNA (gDNA) from individual first-stage larvae (L 1 ) of elaphostrongyline nematodes that had been stored frozen or fixed in 95% ethanol for 1 to 5 years. The method was highly effective for L 1 s of all 6 species of elaphostrongylines, based on polymerase chain reaction (PCR) amplification of a partial fragment of the first internal transcribed spacer (ITS-1) of the ribosomal DNA. Differences were detected in the sizes of partial ITS-1 amplicons between the 2 elaphostrongyline genera, Elaphostrongylus and Parelaphostrongylus. The reliability of the ITS-1 PCR assay was tested by using L 1 s of unknown identity from Newfoundland and Labrador, Canada. The ability to consistently isolate gDNA from individual L 1 s, together with a simple PCR-based method to distinguish between Parelaphostrongylus and Elaphostrongylus, have important implications for diagnostic testing and for conducting epizootiological studies on these parasites of veterinary importance.
Elaphostrongyline nematodes (Elaphostrongylus spp. and Parelaphostrongylus spp.) occur in the central nervous system and/or skeletal muscles of cervids and can produce verminous pneumonia and, in some cases, severe neurologic disease. 13 Four of the 6 species of elaphostrongyline, Parelaphostrongylus tenuis, Parelaphostrongylus andersoni, Parelaphostrongylus odocoilei, and Elaphostrongylus rangiferi, occur in North America. 13 Elaphostrongylus rangiferi also occurs in northern Fennoscandinavia and Russia. 13 Elaphostrongylus alces occurs in Fennoscandinavia, whereas Elaphostrongylus cervi occurs in Eurasia and New Zealand. 13 Elaphostrongylus rangiferi was introduced to the island of Newfoundland with reindeer (Rangifer tarandus tarandus) from Norway in 1908, 14 where it subsequently spread to infect woodland caribou (R. tarandus caribou) and moose (Alces alces). 15 Woodland caribou in Newfoundland are also infected with P. andersoni; however, this parasite is significantly less pathogenic than is E. rangiferi in this host species. 13 It is believed that E. rangiferi has not spread with caribou from Newfoundland to mainland Canada; however, this needs to be confirmed. 4 The first-stage larvae (L 1 ) of the elaphostrongylines and of several other genera (e.g., Varestrongylus, Muellerius, and Umingmakstrongylus) within the family Protostrongylidae have a characteristic dorsal spine on their tail. 2 The L 1 s of Muellerius and Varestrongylus can generally be distinguished from the elaphostrongyline L 1 s by their shorter length, 9 whereas Umingmakstrongylus occurs only in muskoxen (Ovibos moschatus). 12 infection in cervids is often based on the detection of L 1 s in feces 4, 16 ; however, the larvae cannot be identified to the species or genus level because of their morphological and morphometric similarities. 3, 4, 13 Sometimes the identities of L 1 s are based on the morphological characterization of adults recovered from the host 16 ; however, mixed species infections do occur. 13, 14 Development of diagnostic techniques for the accurate identification of individual elaphostrongyline larvae is important for epidemiological studies and the control of these parasites because they differ in their pathogenicity, host specificity, and geographic distribution. 13 A recent study by Gajadhar et al. 5 demonstrated the value of polymerase chain reaction (PCR)-based techniques for the identification of elaphostrongyline nematodes to the species level. The second internal transcribed spacer (ITS-2) of the ribosomal (r) DNA was used as the target to define speciesspecific markers. However, in the study by Gajadhar et al., 5 PCR analyses involving larval samples were based on the amplification of DNA prepared from pools of 25 L 1 s because of the difficulty in isolating sufficient and pure DNA template from individual L 1 s, which vary in size from 308 to 490 m long by 16 to 24 m wide. 13 Adequate recovery of gDNA from individual elaphostrongyline larvae has been a major constraint in the development of reliable PCR assays for the diagnosis of infection. In the present study, a reliable and sensitive method for the extraction and amplification of the gDNA derived from a single elaphostrongyline L 1 was established. This method is simpler than that previously described for other parasitic nematodes. 8 Furthermore, a simple PCR-based test to distinguish Parelaphostrongylus spp. from Elaphostrongylus spp. is described, and the diagnostic implications are discussed.
Elaphostrongylus cervi L 1 s used in this study were recovered from fecal samples from experimentally infected red deer 7 by using a modified Baermann technique 4 in January 2003. Larvae were placed in tubes containing cryopreservation fluid (50% RPMI media, 39% fetal calf serum, 10% Table 1 . Comparison of the relative effectiveness of different extraction buffers to digest individual and pooled first-stage larvae (L 1 s) of Elaphostrongylus cervi by 12 hr and the effect of gDNA purification on the ability to successfully amplify a partial fragment of the ITS-1 rDNA. DMSO, and 1% penicillin G and streptomycin sulfate) and were stored in liquid nitrogen. Seventy E. cervi L 1 s were thawed and washed 4 times in nanopure water. They were then placed, either as individual larvae (n ϭ 20) or as 10 pools of 5 larvae, into Eppendorf tubes, to which 25 l of one of 3 extraction buffers (Table 1 ) and 15 l of Proteinase K a (500 g/ml) were added. Buffer 1 was composed of 20 mM Tris-HCl (pH 8), 100 mM EDTA, and 1% SDS. Buffer 2 had the same composition as that of buffer 1, except that it lacked the 1% SDS, whereas buffer 3 was composed of only PCR grade water. Samples were incubated overnight at 37ЊC. The contents of each Eppendorf tube were examined by using a stereomicroscope (magnification, 40ϫ) to determine whether larvae had been completely digested. For 12 samples that had not been completely digested (Table 1) , an additional 5 l of Proteinase K was added to each Eppendorf tube, after which they were incubated at 37ЊC for 18 hours. This additional treatment resulted in complete digestion of the larvae in these 12 samples. The results of this experiment suggest that a more rapid and efficient digestion of individual E. cervi larvae was achieved by using buffer 1 and Proteinase K ( Table 1) .
After the digestion treatment, all experimental samples were subjected to PCR before any purification to establish whether a purification step was essential for the successful amplification of gDNA. Also included in the experiment was the gDNA of 2 known positive control samples prepared 2 years previously. Both these control samples consisted of a pool of 25 E. cervi L 1 s that had been subjected to mechanical breakdown with zirconium beads b in 30 l of 10 mM Tris-HCl (pH 8.3) and 50 mM KCl, followed by digestion with proteinase K 5 and column-purification using a Qiamp DNA mini kit. a PCR reactions, conducted in 50/l volumes containing 3 mM MgCl 2 , 62.5 M of each dNTP, 20 pmol of each primer, 2 U Taq polymerase, c and 2 l of gDNA, were performed with appropriate negative (i.e., no DNA) controls, using the following conditions: 94ЊC for 5 minutes; 30 cycles of 94ЊC for 30 seconds (denaturation), 50ЊC for 30 seconds (annealing) and 72ЊC for 30 seconds (extension); and a final cycle of 72ЊC for 5 minutes. The primers used were F1 (forward) 5Ј-GCT CAT TAT ACA AGG TGT CT-3Ј and R1 (reverse) 5Ј-GCA TTC TAG CAA TGC TCA TT-3Ј, which were designed to amplify a fragment of the first internal transcribed spacer (ITS-1) of the rDNA of elaphostrongyline larvae. No amplification products were detected from any of the unpurified gDNA samples on 1.5% agarose-TBE (65 mM Tris-HCl, 22.5 mM boric acid, 1.25 mM EDTA at pH 9) gels stained with ethidium bromide and visualized with ultraviolet transillumination (Fig. 1A) . PCR products were only detected for the 2 known positive control samples (Fig. 1A) .
Given this result, each gDNA sample was then columnpurified by using the Wizard DNA CleanUp kit, c according to the manufacturer's conditions except that samples were eluted into 30 l nanopure water rather than the recom- mended 50 l sterile water or TE buffer. Each purified gDNA sample was then subjected to PCR using primers F1 and R1 and the conditions described above. The results revealed that the gDNA of all but 4 individual larvae was successfully amplified (Table 1) , as evident by the single band (about 170 bp) on agarose-TBE gels (Fig. 1B) . The gDNA of the 4 E. cervi L 1 s that failed to be amplified were prepared by using extraction buffer 2. These results clearly demonstrate that purification of the crude DNA extract is an essential step for subsequent amplification of gDNA template by PCR.
To test the reliability of the extraction and purification method, gDNA was extracted by using buffer 1 and columnpurified from 10 individual E. cervi L 1 s that had been fixed in 95% ethanol for approximately 2 years. This methodology was also repeated on frozen individual L 1 s of the 5 other species of elaphostrongyline nematode, i.e., E. rangiferi (n ϭ 21), E. alces (n ϭ 10), P. tenuis (n ϭ 11), P. odocoilei (n ϭ 10), and P. andersoni (n ϭ 5). Most of these larvae had been stored at Ϫ70ЊC for approximately 5 years. Each sample was then subjected to PCR as described above. A single band of approximately 170 bp was detected on an agarose-TBE gel for each of the 10 ethanol-fixed E. cervi L 1 s. Similarly, a single band of 170 to 190 bp was detected on agarose-TBE gels for 66 of the 67 individual elaphostrongyline L 1 s. The gDNA from 1 P. tenuis L 1 s failed to amplify. The ability of this method to test individual larvae that have been fixed in ethanol or stored frozen for up to 5 years is a significant advancement in the diagnosis and control of elaphostrongyline infections. Often, only fixed or frozen larvae are available for testing, and many surveys are conducted retrospectively on frozen or fixed samples. In addition, detection of mixed infections will be facilitated by molecular analyses of individual larvae.
A comparison of the PCR amplicons revealed no size difference among species of each genus. However, the amplicons of all 3 Parelaphostrongylus species were visually larger than were those of the 3 Elaphostrongylus species on a Spreadex El-500 wide mini S-2ϫ13 gel d stained with SBYR Gold (Fig. 2) . This genus-specific size difference was veri-fied by automated DNA sequencing. The amplicons of Parelaphostrongylus spp. were 187 bp in length compared with 179 bp for Elaphostrongylus spp. Amplification of the partial ITS-1 fragment using primers F1 and R1 therefore provides a rapid method to distinguish Parelaphostrongylus L 1 s from Elaphostrongylus L 1 s. The robustness and consistency of this PCR assay was tested by using L 1 s of unknown identity. In the first test, gDNA was extracted and purified (as described above) from 21 individual L 1 s recovered from the feces of 6 woodland caribou collected from 3 discrete caribou herds, George River (53Њ00ЈN, 60Њ00ЈW), Lac Joseph (52Њ20ЈN, 65Њ00ЈW) and Red Wine (53Њ30ЈN, 61Њ30ЈW) in Labrador. These coastal locations on mainland Canada adjacent to Newfoundland represent areas where P. andersoni is known to occur 13 and E. rangiferi may possibly occur. The amplicons of all 21 larvae were of the equivalent size (187 bp) to Parelaphostrongylus spp. on a Spreadex El-500 wide mini S-2ϫ13 gel d (data not shown), demonstrating that they were not E. rangiferi. This result supports the hypothesis that E. rangiferi has not spread from Newfoundland to mainland Canada. 4 The 21 L 1 s were most likely P. andersoni, given their geographical location and host of origin. 13 However, their species identity could not be verified based on the size of the amplicons (Fig. 2) . Subsequent molecular studies on these L 1 s, using a single-stranded conformation polymorphism analysis of a larger fragment of the ITS-1, confirmed their identity as P. andersoni (unpublished data). 11 In a second test, the F1-R1 primers were used to amplify the gDNA of 20 L 1 s from woodland caribou feces collected on Merasheen Island (49Њ00ЈN, 52Њ00ЈW) and from Gaff Topsails (49Њ00ЈN, 56Њ00ЈW) in Newfoundland, localities from which both E. rangiferi and P. andersoni are known to coexist. 1 The sizes of the PCR amplicons (179 bp) of all 20 L 1 s (10 from each locality) were, however, found to be identical to those of the control E. rangiferi samples.
The PCR assay using primers F1 and R1 provides a simple diagnostic test to detect the presence of Elaphostrongylus spp. and/or Parelaphostrongylus spp. L 1 s in the feces of woodland caribou, and to determine whether E. rangiferi has established itself in populations in mainland Canada. This simple PCR assay provides an additional test to detect in imported red deer and wapiti (Cervus canadensis) the presence of Elaphostrongylus, which are pathogenic to native North American cervids 6 and some domestic animals. 10 This molecular tool will also be particularly useful for epizootiological studies (i.e., geographic distribution, prevalence, and host associations) of Elaphostrongylus and Parelaphostrongylus spp. in Canada. Although the size of the PCR amplicons does not provide a genetic marker to discriminate among species within each elaphostrongyline genus, a larger fragment of the ITS-1 can be used effectively for species delineation by using single-stranded conformation polymorphism (unpublished results). 11 In conclusion, the development of a simple and rapid technique to isolate and purify a sufficient quantity of DNA template from a single larval elaphostrongyline nematode for amplification, irrespective of whether they have been frozen or fixed in ethanol, together with the establishment of a rapid and reliable PCR method to distinguish Parelaphostrongylus from Elaphostrongylus L 1 s, has major implications for the surveillance and control of these parasites of veterinary importance. In particular, the use of this PCR assay would greatly facilitate the control and eradication of Elaphostrongylus incursions into new regions, as have occurred earlier with E. cervi and E. rangiferi in Canada. 7, 14 
